minutes after tourniquet release he became severely hypotensive and despite a further 1,500 ml of whole blood, 300 ml fresh frozen plasma and 500 ml crystalloid solution had a cardiac arrest.
Resuscitation was successful and the post arrest systolic blood pressure was 120 mmHg. He was given a further 1,000 ml of whole blood and 500 ml of crystalloid solution, but had a second irreversible cardiac arrest soon after.
At autopsy, the heart showed right heart dilatation and there was gross pulmonary oedema. Thrombo-emboli were noted in the second order pulmonary arteries of both lower lobes, but the major hilar vessels were patent. Microscopically, there was massive pulmonary fat embolism and focal cerebral fat emboli. Case 2 A 20-year-old female was admitted with a comminuted fracture of the femur, a right haemopneumothorax associated with fractures of the second to fourth ribs and a closed head injury. Her systolic blood pressure was 60 mmHg, pulse 140/min and CVP 1.0 cm H20. Soon after admission she began groaning and reacting purposefully to painful stimuli. Initial resuscitation was with an infusion of SPPS 1,500 ml and drainage of the haemopneumothorax.
Excessive abnormal bruising and bleeding was noted from all wounds and blood samples did not clot.
De.spite a further 500 ml of SPPS solution, 2,500 ml of blood and 1,800 ml of crystalloid solution, the systolic pressure rose to only 90 mmHg for a short time.
Two and a half hours after injury, because of severe hypotension associated with a high CVP and equivocal blood staining of paracentesis abdominis fluid, she was taken to the operating theatre for exploratory laparotomy and thoracotomy. During operation the blood pressure became unrecordable, and resuscitative efforts were eventually abandoned. No significant source of surgical bleeding was found and the abnormal bleeding tendency had continued during surgery.
At autopsy, petechiae were found over the pericardial, endocardial and parietal peritoneal surfaces. The lungs were oedematous, with fat globules readily identifiable in the oedema fluid and pulmonary arteries. Microscopically, there was massive pulmonary fat embolism and occasional bone marrow emboli In the pulmonary arteries. The brain only showed small contusions and haemorrhages.
Case 3
A 56-year-old woman was admitted with a fractured pelvis, a compound fractured tibia and fibula and fractured head of the humerus. SPPS 500 ml had been given intravenously at the accident scene. On admission, her systolic blood pressure was 110 mmHg, pulse rate 108/min and CVP 5 cm H20. She was conscious but dyspnoeic with an arterial Pa02 of 75 mmHg breathing 50070 oxygen.
About one and a half hours after injury, she had two grand mal fits and became unresponsive to painful stimuli. Abnormal bleeding from all skin wounds was observed and the prothrombin ratio (PT) was 1.6 « 1.2) and activated partial thromboplastin time (APTT) 51 sec (28-39).
Over the next hour, despite 3,000 ml of SPPS and 1,000 ml of whole blood, she became progressively more hypotensive. An emergency laparotomy was performed, but no major source of bleeding found, although there was a large retroperitoneal haematoma associated with the pelvic fracture. Abnormal oozing was noted from all cut surfaces. During the procedure she was given a further 4,000 ml of whole blood. Although the systolic blood pressure rose initially to 100 mmHg, it eventually became unrecordable and four hours after injury resuscitative efforts were abandoned.
At autopsy, the I ungs were mildly oedematous and fat globules were seen macroscopically in the pulmonary arteries. Microscopically the lungs showed massive fat embolism, as did the kidneys and brain.
DISCUSSION
These three cases highlight a number of the recognised features of the fulminant fat embolism syndrome -an explosive onset with a rapidly fatal course due to acute cor pulmonale and diagnostic confusion until post mortem. Acute respiratory failure and embolic neurological signs were also documented in Case 3.
Severe unexplained bleeding as displayed in all these cases appears to be another facet of fulminant fat embolism. This problem is a recognised complication of the non-fulminant form, where the aetiology is believed to be consumption of platelets and coagulation factors from disseminated intravascular coagulation. 2 A recent review of severe acute disseminated intravascular coagulation concluded that it could be "best regarded as an incidental often pre-terminal event occurring in many catastrophic illnesses,,3 and it is difficult to define the contributory significance of the increased haemorrhage to the deaths of the patients reported here. In the light of a recent report implying significant coagulation abnormalities following infusion of albumin it is tempting to suggest an additional aetiology for the excessive haemorrhage. 4 Case 1 illustrates another factor that may aggravate the obstructive consequences of pulmonary fat embolism. Severe hypotension and subsequent cardiac arrest followed the release of a tourniquet and at autopsy pulmonary thrombo-emboli were found in addition to the massive fat embolism. It is probable that the thrombi were produced in the tourniqueted limb by stasis and haematological changes due to fat emboli. In addition, animal experimentation has shown that tourniquet muscle ischaemia potentiates the pulmonary obstructive ability of fat emboli and may have been a factor in this case. 5 Anaesthesia and Intensive CarC', Vol. 11. No. 2, lv/ay, 1983 Case 4
A 16-year-old male was admitted with a closed comminuted fracture of the femur, an open fracture of the tibia and a Colles fracture. He was conscious with a blood pressure of IS0/90 mmHg and pulse rate of 124/min. The haemoglobin was 14.6 gOJo and the chest Xray was normal. He was resuscitated with crystalloid solution 1,000 ml and whole blood SOO ml and four hours after injury taken to theatre for reduction and internal fixation of the fractures.
Two hours after surgery began, the systolic blood pressure suddenly fell to 80 mmHg, the pulse rate rose to 160/min, there was a sudden decrease in lung compliance and pulmonary oedema fluid flooded out of the endotracheal tube, despite IPPV. Prior to these events he had been given I,SOO ml of whole blood. He was immediately given digoxin I.S mg and frusemide 2S0 mg intravenously and further fluids restricted.
After surgery an hour later, his systolic blood pressure was 100 mmHg, pulse rate l70/min, CVP 2 cm H20 and temperature 39.6°C. Although there was clinical evidence of pulmonary oedema, the gross picture seen previously was not apparent. Chest ?,ray revealed opacities throughout both lung fields, with relative sparing of the lower zones and bilateral pleural effusions, greater on the right. On IPPV, with a FI02 of 0.6, the Pa02 was 90 mmHg and PaC02 43 mmHg. His haemoglobin was IS.4 g% and APTT and PT were normal. Tracheal aspirate contained fat globules.
Because of the continuing hypotension, tachycardia and low CVP, he was given a further 1,000 ml of whole blood rapidly and the pulse rate fell to 140/min. Although he became normotensive over the next six hours the CVP remained low and he had tachycardia and fever for the next five days.
Twelve hours after operation, he remained unconscious, although lung function had improved and he was allowed to breathe through the endotracheal tube. At this time his haemoglobin was 14.1 g%, platelets 79,000, APTT S7 sec and PT 1.42. Over the next few days his chest Xray returned to normal, although the haemoglobin fell below 10.0 g% on two occasions, despite further transfusion and dehydration. Six days after the operation Anaesthesia and Intensive Care, Vol. n, No. 2. May, 1983 he was conscious enough to be extubated and further recovery was complete and uneventful.
Case 5
A 17-year-old male was admitted with comminuted fractures of the left femur and tibia and right tibia and fibula, a maxillary fracture with facial lacerations and large lacerations to the body. His blood pressure was 120/60 mmHg, pulse rate 90/min and haemoglobin 12.3 g%. Whole blood I,SOO ml and crystalloid solution 1,000 ml were given intravenously.
Four hours after injury he was anaesthetised for closed reduction of the leg fractures. During the procedure he received a further 200 ml of crystalloid solution. An hour after induction, during controlled ventilation, pulmonary oedema fluid bubbled out of the endotracheal tube, the systolic blood pressure fell to 100 mmHg and the pulse rate rose to 120/min. The CVP was 17 cm H20 and he was digitalised and given 80 mg of frusemide intravenously. An hour after the onset of the pulmonary oedema the systolic blood pressure was 70 mmHg, pulse IS0/min and CVP 4 cm H20. At this stage there was no visual evidence of pulmonary oedema fluid, but chest Xray showed bilateral opacities with predominate upper zone distribution. The Pa02 on IPPV with FI02 of 0.4 was 78 mmHg.
Because of continuing hypotension, tachycardia and low CVP he was given 1,000 ml of whole blood. He recovered consciousness normally following anaesthesia, but because of the acute respiratory failure was ventilated for six hours, then successfully extubated. Although he ran a mild fever for two days, other observations were normal. The haemoglobin twelve hours after injury was 16.3 g%, but this had fallen to 13.S g% two days later despite a negative fluid balance. Further recovery was uneventful.
DISCUSSION
Acute pulmonary oedema associated with fat embolism has been described before 6 • 7 but explosive, rapidly resolving episodes seen intraoperatively in Cases 4 and S are unlike previous descriptions. Clinical similarities, such as radiological upper zone oedema, hypotension and low CVP soon after the event, and initial haemoconcentration with delayed anaemia would suggest a common pathogenesis.
Although free fatty acid toxic pneumonitis or a neurogenic aetiology are possible, another plausible explanation is "overperfusion pulmonary oedema". The increase in lung water from uneven obstruction of the pulmonary vasculature ("overperfusion pulmonary oedema") has been studied in animals with a variety of micro emboli,s and has been suggested as a contributing factor in the pulmonary oedema, sometimes seen in pulmonary thrombo-embolism. 9 ,!O The pathogenesis of the oedema may involve "overperfusion" and transmission of high pressures to the unobstructed vasculature, although the release of substances altering endothelial permeability has not been excluded. O'Kuda et al. theorise that physical injury to the endotheliun by high velocity and high pressure flow in the patent pulmonary microcirculation may account for the permeability oedema seen. 8 The clinical events in Cases 4 and 5 could be explained by showers of fat emboli, increased by manipulation, causing sudden "overperfusion oedema" and other haemodynamic changes from acute cor pulmonale. As embolic occlusions tend to occur in the lower lobes!! the oedema would be worse in the upper zones. Clearance of the emboli would explain the subsequent rapid resolution of the oedema and fall in CVP, whereas compartmental fluid changes could explain the initial haemoconcentration and delayed anaemia. The rapid accumulation and spontaneous re-absorption of pleural fluid seen in Case 4, which has never been described and is said not to occur with fat embolism!! is most likely the result of temporary combined pulmonary and systemic capillary hypertension.
